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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re PATENT APPLICATION OF Confirmation No.: Unknown 

MUHONEN Group Art Unit: Unknown 

Appln. No.: FILED HEREWITH Examiner: Unknown 

Filed: HEREWITH 

Title: CHARGING OF SUBSCRIBERS WITH LOCALISED SERVICE AREAS IN A 
MOBILE TELECOMMUNICATIONS NETWORK 

March 14, 2001 

PRELIMINARY AMENDMENT 

Hon. Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

Prior to initial examination on the merits, please amend the above-identified 
application as follows: 



IN THE CLAIMS : 

Please enter the following amended claims 1-13: 

1 . (Amended) A method for supporting charging of a subscriber of a mobile station in 
a cellular radio network supporting circuit-switched and packet-switched connections with 
the mobile station, the method comprising: 

defining, for each of a plurality of mobile stations, a corresponding set of special cells 
providing at least one special service to the corresponding mobile station; 

reporting an indication of a set of special cells to at least one mobility support element 
in an Insert Subscriber Data message in response to a mobile station initiating an attach or 
a routing area update procedure; 
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responding to the reporting by sending the indication of the set of special cells to a 
radio control element in a downlink message; and 

determining whether the mobile station is in one of its corresponding special cells. 

2. (Amended) The method of claim 1, wherein: the downlink message is a Base 
Station Subsystem GPRS Protocol message. 

3. (Amended) The method of claim 1, wherein the charging information includes at 
least one detail item, each detail item indicating an event which affects charging, the method 
further comprising: 

classifying the at least one detail item into at least one class of multiple classes 
depending, at least, on whether the corresponding event occurred while the mobile station 
was in one of its corresponding special cells 

wherein, the mobility support element is configured to perform or at least support the 
classification. 

4. (Amended) A method for supporting charging of a subscriber of a mobile station in 
a cellular radio network supporting circuit-switched and packet-switched connections with 
the mobile station, the method comprising: 

defining, for each of a plurality of mobile stations, a corresponding set of special cells 
providing at least one special service to the corresponding mobile station; 

determining whether at least one mobile station is in a special cell; 

producing charging information related to the at least one mobile station, the charging 
information including at least one detail item indicating a corresponding event which affects 
charging; 

2 
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classifying the at least one detail item into at least one class of multiple classes 
depending, at least, on whether the corresponding event occurred while the at least one 
mobile station was in one of its corresponding special cells; and 

performing or at least supporting the classification using the at least one mobility 
support element. 

5. (Amended) The method of claim 1 5 wherein reporting an indication of the set of 
special cells is performed by a subscriber register which is a home location register. 

6. (Amended) The method of claim 1, wherein the at least one mobility support 
element is a support node of a packet radio network. 

7. (Amended) A cellular radio network configured to support circuit-switched and 
packet-switched connections with a mobile station, the network comprising: 

a plurality of cells, at least one of which being associated with one or more mobile 
stations as one of a set of special cells associated with respective ones of the mobile stations, 
the special cells associated with mobile stations being configured to provide at least one 
special service to the associated mobile station; 

at least one radio control element configured to determine whether a mobile station is 
in a special cell associated with that mobile station; 

at least one mobility support element configured to receive, when it begins to serve 
the mobile station, an indication of the set of special cells associated with the mobile station, 
and configured to send the indication of the set of special cells associated with the mobile 
station to the at least one radio control element; and 
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at least one charging element configured to receive charging information related to 
mobile stations, the charging information including at least one detail item, each at least one 
detail item indicating an event which affects charging, 

wherein the at least one mobility support element is configured to support or perform 
classification of the at least one detail item into at least one class of multiple classes 
depending, at least, on whether the corresponding event occurred while the mobile station 
was in one of its special cells associated with the mobile unit. 

8. (Amended) The cellular radio network of claim 7, wherein the at least one mobility 
support element is a serving GPRS support node configured to compare the cell identity of 
the mobile station's current cell with the indication of the set of special cells associated with 
the mobile station. 

9. (Amended) The cellular radio network of claim 7, wherein substantially each detail 
item indicates whether the cell in question is one of the mobile station's corresponding 
special cells. 

10. (Amended) The cellular radio network of claim 7 wherein the at least one mobility 
support element is configured to support or perform organisation of detail items including the 
at least one detail item as consecutive records, wherein substantially each record contains an 
indication of whether all events indicated by the at least one detail item of the record occurred 
while the mobile station was in one of its corresponding special cells. 
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1 1 . (Amended) The cellular radio network of claim 7, wherein the at least one 
mobility support element is configured to insert into the at least one detail item the identity of 
the cell associated with the location of the mobile station at the occurrence of the event. 

12. (Amended) At least one mobility support element for a cellular radio network 
including a plurality of cells, and configured to support circuit-switched and packet-switched 
connections with at least one mobile station, the at least one mobility support unit 
comprising: 

a receiver configured to receive, when the at least one mobility support element 
begins to serve the at least one mobile station, a list of predefined special cells associated 
with the at least one mobile station and configured to provide at least one special service to 
the at least mobile station; 

a transmitter configured to transmit the list of pre-defined special cells associated with 
the at least one mobile station to at least one radio control element configured to determine 
whether the at least one mobile station is in a special cell associated with that mobile station, 

wherein the at least one mobility support element is configured to support or perform 
classification of at least one detail item included in charging information into at least one 
class of multiple classes depending on whether an event corresponding to the at least one 
detail item occurred while the at least one mobile station was in one of its corresponding 
special cells. 

13. (Amended) A charging-related message for a cellular radio network including a 
plurality of cells, each cell having a cell identity, and configured to support circuit-switched 
and packet-switched connections with a mobile station, wherein the charging-related message 
includes at least one detail item for substantially each event that affects charging of a 

5 
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subscriber of the mobile station and, for substantially each detail item, the charging-related 
message is configured to at least indirectly indicate whether the mobile station was in one of 
its corresponding special cells when the corresponding event occurred. 

See the attached Appendix for the changes made to effect the above claim(s) 
Please add the following new claims 14-18: 

14. (Newly Added) The method of claim 1, further comprises producing charging 
information related to the mobile station. 

15. (Newly Added) The method of claim 1, wherein responding to the reporting is 
performed by the at least one mobility support element. 

16. (Newly Added) The method of claim 1, wherein reporting an indication of a set of 
special cells is performed by a subscriber register. 

17. (Newly Added) The method of claim 2, wherein the downlink message is a 
B S S GP_DL_UNITD ATA message. 

18. (Newly Added) The method of claim 2, wherein the downlink message is a 
SoLSA BSSGP message. 
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REMARKS 

Consideration and allowance of the present application is respectfully requested. By 
this Amendment, claims 1-13 are amended to merely clarify the recited subject matter and 
new claims 14-18 are added to more fully claim the disclosed invention. 

Attached hereto is a marked-up version of the changes made to the specification and 
claims by the current amendment. The attached Appendix is captioned "Version with 
markings to show changes made" . 

All objections and rejections having been addressed, it is respectfully submitted that 
the present application is in a condition for allowance and a Notice to that effect is earnestly 
solicited. 



Respectfully submitted, 
PILLSBURY WINTHROP LLP 




Christine H. McCarthy 
Reg. No.:41,844 
Tel No.: (202) 861-3075 
Fax No.: (202) 822-0944 



CHM/ASW:eed 

1 1 00 New York Avenue, NW 

Ninth Floor 

Washington, DC 20005-3918 
(202) 861-3000 
Enclosure: Appendix 



30156012 l.DOC 



7 



MUHONEN Appln. No. FILED HEREWITH 



APPENDIX 

VERSION WITH MARKINGS TO SHOW CHANGES MADE 

IN THE CLAIMS : 

Please amend claims 1-14 as follows: 

1 . (Amended) A method for supporting charging of a subscriber of a mobile station 
[(MS)] in a cellular radio network supporting circuit-switched and packet-switched 
connections [to/from] with the mobile station, the method comprising: [(MS) and comprising 
at least one mobility support element (MSC/VLR; SGSN, GGSN), at least one radio control 
element (BSC1, BSC2) and at least one subscriber register (HLR); 

the method comprising producing charging information (CDR) related to the mobile 

station: 

characterized by:] 

defining, for each of [several] a plurality of mobile stations [(MS)], a [respective] 
corresponding set [(LSA1, LSA2)] of special cells [(CI - C3 ? C9 - CIO)] providing at least 
one special service to the corresponding mobile station [(MS)]; 

[the subscriber register (HLR)] reporting [the] an indication of a set of special cells to 
at least one [the] mobility support element in an Insert Subscriber Data message^] in 
response to [the] a mobile station initiating an attach or a routing area update procedure; 

[the mobility support element in turn] responding to the reporting by sending the 
indication of the set of special cells to a radio control element [(BSC1, BSC2)] in a downlink 
message; and 

determining whether [or not] the mobile station [(MS)] is in [a] one of its 
corresponding special [cell] cells . 
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2. (Amended) [A] The method [according to] of claim 1, [characterised by:] wherein: 
[said] the downlink message [being] is a [BSSGP (] Base Station Subsystem GPRS 

Protocol [)] message 

I preferably a B S S GP_DL_UNITD AT A message or a SoLSA BSSGP message]. 

3. (Amended) [A] The method [according to] of claim 1, [characterized by:] 
wherein the charging information [comprising] includes at least one detail [items] item , each 
detail item indicating an event which affects charging , the method further comprising: [ ;] 

classifying [said] the at least one detail [items] item into at least one class of multiple 
classes depending, at least, on whether [or not] the corresponding event occurred while the 
mobile station was in [a] one of its corresponding special [cell] cells [ ; and] 

wherein, the mobility support element [(MSC/VLR; SGSN, GGSN)] is configured to 
[performing] perform or at least [supporting said] support the classification. 

4. (Amended) A method for supporting charging of a subscriber of a mobile station 
[(MS)] in a cellular radio network supporting circuit-switched and packet-switched 
connections [to/from] with the mobile station, [(MS) and comprising several cells (CI - CIO) 
and at least one mobility support element (MSC/VLR; SGSN, GGSN) being adapted to 
receive, when it begins to serve the mobile station, a set (LSA1, LSA2) of special cells (CI - 
C3, C9 - CIO) for the mobile station, and being adapted to send the set of special cells to one 
radio control element (BSC1, BSC2);] the method comprising [the steps of]: 

defining, for each of [several] a plurality of mobile stations [(MS)], a [respective] 
corresponding set [(LSA1, LSA2)] of special cells providing at least one special service to the 
corresponding mobile station [(MS)]; 

9 
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determining whether [or not the] at least one mobile station [(MS)] is in a special cell; 

[and] 

producing charging information [(CDR)] related to the at least one mobile station, the 
charging information [comprising] including at least one detail [items, each detail] item 
indicating [an] a corresponding event which affects charging; 

[characterized by] 

classifying [said] the at least one detail [items] item into at least one class of multiple 
classes depending, at least, on whether [or not] the corresponding event occurred while the at 
least one mobile station was in [a] one of its corresponding special [cell] cells ; and 

[the mobility support element (MSC/VLR; SGSN, GGSN)] performing or at least 
supporting [said] the classification using the at least one mobility support element . 

5. (Amended) [A] The method of [according to any one of the preceding] claim [s, 
characterized in that] 1, wherein reporting an indication of the set of special cells is 
performed by a [the] subscriber register which is a home location register [(HLR)]. 

6. (Amended) [A] The method of [according to any one of the preceding] claim 
[claims, characterized by] 1, wherein the at least one mobility support element 
[being] is a support node [(SGSN, GGSN)] of a packet radio network. 

7. (Amended) A cellular radio network [being operable] configured to support circuit- 
switched and packet-switched connections [to/from] with a mobile station [(MS)], the 
network comprising: [several cells (CI - CIO), and:] 

a plurality of cells, at least one of which being associated with one or more mobile 
stations as one of a set of special cells associated with respective ones of the mobile stations, 

10 
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the special cells associated with mobile stations being configured to provide at least one 
special service to the associated mobile station; 

[for each of several mobile stations (MS), a respective predefined set (LSA1, LSA2) 
of special cells providing at least one special service to the mobile station (MS);] 

at least one radio control element [(BSC1, BSC2) for determining] configured to 
determine whether [or not the] a mobile station [(MS)] is in a special cell associated with that 
mobile station ; 

at least one mobility support element [(MSC/VLR; SGSN, GGSN) being adapted] 
configured to receive, when it begins to serve the mobile station, [the] an indication of the set 
[(LSA1, LSA2)] of special cells [for] associated with the mobile station, and [being adapted] 
configured to send the indication of the set of special cells associated with the mobile station 
to the at least one radio control element [(BSC1, BSC2)]; and 

at least one charging element [(CG, BC) for receiving] configured to receive charging 
information related to [the] mobile [station] stations , the charging information [comprising] 
including at least one detail [items] item , each at least one detail item indicating an event 
which affects charging[;] 2 

[characterized in that] 

wherein the [network] at least one mobility support element is [adapted] configured to 
[classify] support or perform classification of the at least one detail [items] item into at least 
one class of multiple classes depending, at least, on whether [or not] the corresponding event 
occurred while the mobile station was in [a] one of its special [cell] cells associated with the 
mobile unit [; and 

the mobility support element (MSC/VLR; SGSN, GGSN) is adapted to support or 
perform said classification]. 
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8. (Amended) [A] The cellular radio network [according to] of claim 7, 
[characterized in that] wherein the at least one mobility support element is a serving 
GPRS support node [(SGSN) which is adapted] configured to compare the cell identity 
[(cell_id)] of the [MS] mobile station 's current cell with the indication of the set [(LSA1, 
LSA2)] of special cells [for] associated with the mobile station. 

9. (Amended) [A] The cellular radio network [according to] of claim 7, [or 8, 
characterized in that] wherein substantially each detail item indicates whether [or not] 
the cell in question is [a] one of the mobile station's corresponding special [cell] cells . 

10. (Amended) [A] The cellular radio network [according to] of claim 7 [or 8 5 
characterized by being adapted to organise] wherein the at least one mobility support 
element is configured to support or perform organisation of detail items including the at least 
one detail [items] item as consecutive records [(CDR)] ? wherein substantially each record 
[indicates] contains an indication of whether [or not] all events indicated by the at least one 
detail [items] item of the record occurred while the mobile station was in [a] one of its 
corresponding special [cell] cells . 

1 1 . (Amended) [A] The cellular radio network [according to any one] of [claims] 
claim 7, [to 10, c h a r a c t e r i z e d in that] wherein the at least one mobility support 
element [(MSC/VLR; SGSN, GGSN) inserts] is configured to insert into [to each] the at least 
one detail item the identity [(cell_id)] of the cell [where] associated with the location of the 
mobile station [was when] at the occurrence of the event [occurred]. 
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12. (Amended) [A] At least one mobility support element [(MSC/VLR; SGSN, 
GGSN)] for a cellular radio network [comprising several] including a plurality of cells, and 
[being operable] configured to support circuit-switched and packet-switched connections 
[to/from] with at least one [a] mobile station, the at least one mobility support unit 
comprising: 

a receiver configured to receive, when the at least one mobility support element 
begins to serve the at least one mobile station, a list of predefined special cells associated 
with the at least one mobile station and configured to provide at least one special service to 
the at least mobile station; 

a transmitter configured to transmit the list of pre-defined special cells associated with 
the at least one mobile station to at least one radio control element configured to determine 
whether the at least one mobile station is in a special cell associated with that mobile station, 

wherein [(MS); the network further comprising for each of several mobile stations 
(MS), a respective predefined set (LSA1, LSA2) of special cells providing at least one special 
service to the mobile station (MS); at least one radio control element (BSC1, BSC2) for 
determining whether or not the mobile station (MS) is in a special cell;] the at least one 
mobility support element is configured to support or perform classification of at least one 
detail item included in charging information into at least one class of multiple classes 
depending on whether an event corresponding to the at least one detail item occurred while 
the at least one mobile station was in one of its corresponding special cells [and at least one 
charging element (CG, BC) for receiving charging information related to the mobile station, 
the charging information comprising detail items, each detail item indicating an event which 
affects charging; 
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wherein the mobility support element (MSC/VLR; SGSN, GGSN) is adapted to 
receive, when it begins to serve the mobile station, a list of special cells for the mobile 
station, and to send said list of special cells to one radio control element (BSC1, BSC2); and 

characterized in that the mobility support element is adapted to support or 
perform classification of said detail items into multiple classes depending on whether or not 
the corresponding event occurred while the mobile station was in a special cellj. 

13. (Amended) A charging-related message [(CDR1 - CDR4)] for a cellular radio 
network [comprising several] including a plurality of cells, each cell having a cell identity 
[(cellid)], and [being operable] configured to support circuit-switched and packet- switched 
connections [to/from] with a mobile station , wherein [(MS); the network comprising for each 
of several mobile stations (MS), a respective predefined set (LSA1, LSA2) of special cells 
(CI - C3, C9, CIO) providing at least one special service to the mobile station (MS); said] the 
charging-related message [including] includes at least one detail item for substantially each 
event that affects [the] charging of [the] a subscriber of the mobile station and, [; 

characterized in that] for substantially each detail item, [said] the charging- 
related message [(CDR1 - CDR4)] is configured to at least indirectly indicate [indicates] 
whether [or not] the mobile station was in [a] one of its corresponding special cells [cell (C 1 - 
C3, C9, CIO)] when the corresponding event occurred. 
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1 

Charging of subscribers with locajised^ejou^ 



mobile telecommunications network 

Background of the invention 

The invention relates to equipment and a procedure for sup- 
5 porting charging of subscribers with localised service areas in a mobile 
telecommunications network which comprises a packet radio network. An 
example of such networks is a combined GSM/GPRS network. 

Fig. 1 is a block diagram illustrating a cellular telecommunica- 
tions network supporting circuit-switched (CS) connections (e.g. Global 

10 System for Mobile Communication, GSM) and packet-switched (PS) con- 
nections (e.g. General Packet Radio Service GPRS). Circuit-switched 
connections are shown as solid lines and packet-switched connections are 
shown as dotted lines. The basic structure of the GSM system comprises 
two elements: a base station system BSS and a network subsystem NSS. 

15 The BSS and mobile stations MS communicate over radio links. In the 
base station system BSS each cell is served by a base station BTS. A 
number of base stations are connected to a base station controller BSC, 
which controls the radio frequencies and channels used by the BTS. Base 
station controllers BSC are connected to a mobile services switching cen- 

20 tre MSC. As regards a more detailed description of the GSM system, ref- 
erence is made to the ETSI/GSM recommendations and The GSM Sys- 
tem for Mobile Communications, M. Mouly and M. Pautet, Palaiseau, 
France, 1992, ISBN:2-9571 90-07-7. 

The GPRS infrastructure comprises support nodes such as a 

25 GPRS gateway support node (GGSN) and a GPRS serving support node 
(SGSN). The main functions of the GGSN nodes involve interaction with 
the external data network. The GGSN updates the location directory using 
routing information supplied by the SGSNs about an MS's path and routes 
the external data network protocol packet encapsulated over the GPRS 

30 backbone to the SGSN currently serving the MS. It also decapsulates and 
forwards external data network packets to the appropriate data network 
and handles the billing of data traffic. 

The main functions of the SGSN are to detect new GPRS mo- 
bile stations in its service area, handle the process of registering the new 

35 MSs along with the GPRS registers, send/receive data packets to/from the 
GPRS MS, and keep a record of the location of the MSs inside its service 
area. The subscription information is stored in a GPRS register (HLR) 
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where the mapping between a mobile's identity (such as MS-ISDN or 
IMSI) and the PSPDN address is stored. The GPRS register acts as a 
database from which the SGSNs can ask whether a new MS in its area is 
allowed to join the GPRS network. 
5 The GPRS gateway support nodes GGSN connect an opera- 

tor's GPRS network to external systems, such as other operators' GPRS 
systems, data networks 11, such as an IP network (Internet) or a X.25 
network, and service centres. A border gateway BG provides access to an 
inter-operator GPRS backbone network 12. The GGSN may also be con- 

10 nected directly to a private corporate network or a host. The GGSN in- 
cludes GPRS subscribers' PDP addresses and routing information, i.e. 
SGSN addresses. Routing information is used for tunnelling protocol data 
units PDU from data network 1 1 to the current switching point of the MS, 
i.e. to the serving SGSN. The functionalities of the SGSN and GGSN can 

15 be connected to the same physical node. 

The home location register HLR of the GSM network contains 
GPRS subscriber data and routing information and it maps the sub- 
scriber's IMSI into one or more pairs of the PDP type and PDP address. 
The HLR also maps each PDP type and PDP address pair into a GGSN 

20 node. The SGSN has a Gr interface to the HLR (a direct signalling con- 
nection or via an internal backbone network 13). The HLR of a roaming 
MS and its serving SGSN may be in different mobile communication net- 
works. 

The intra-operator backbone network 13, which interconnects 
25 an operator's SGSN and GGSN equipment can be implemented, for ex- 
ample, by means of a local network, such as an IP network. It should be 
noted that an operator's GPRS network can also be implemented without 
the intra-operator backbone network, e.g. by providing all features in one 
computer. 

30 In cellular mobile communications systems, a mobile station 

may roam freely within the area of the mobile communications network 
and connect to the base transceiver station signal received best at a given 
time. Usually, all base transceiver stations provide substantially similar 
services for the mobile stations in a network. Some base transceiver sta- 

35 tions can, however, be defined to provide a certain special service for all 
mobile stations of the network, e.g. call charges below the normal tariff. 
The base transceiver station broadcasts a message concerning such a 
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special service on its packet broadcast control channel (PBCCH), whereby 
mobile subscribers in the area note that they are within a special service 
area of the network and may take advantage of this service. 

Within the context of this application, such special service areas 
5 are referred to as localized service areas (LSA) and the support of LSA is 
called SoLSA. A subscriber having SoLSA service is called a SoLSA sub- 
scriber. A mobile station currently having support for SoLSA is said to be 
in LSA mode. This may mean e.g. that the mobile station indicates to its 
user that certain special features (like lower rates or extra services) are 

10 available, and it uses these features when applicable. The concept of lo- 
calised service areas (LSA) is the subject matter of references 1 to 3. 

Fig. 1 also shows two LSA areas, LSA1 and LSA2. LSA1 con- 
sists of cells C1 to C3, and LSA2 consists of cells C9 and C10. It is as- 
sumed that the mobile station MS moves, during a call, along path 10 from 

15 cell C1 to cell C10. The call is established in an LSA cell (C1). Between 
cells C1 and C2, the MS moves slightly out of LSA1, in the sense that 
better coverage would be obtained from cell C7 which is not an LSA cell. 
However, the handover algorithm favours LSA cells and, consequently, 
the MS is not handed over to the base station of C7. When the MS 

20 crosses cell C4, the call cannot be maintained as an LSA call. When the 
MS approaches cell C9, it is handed over to the base station of C9 and 
the call is again treated as an LSA call. 

The present invention involves mainly charging-related aspects 
of SoLSA subscribers. Charging in a GPRS system is defined in reference 

25 4. For charging, a telecommunications network generally comprises a bill- 
ing system, such as the Billing Centre BC which may be connected to an 
MSC, as shown in Fig. 1. The network may also comprise dedicated 
Charging Gateways CG, as shown between the intra-operator backbone 
network 13 and the billing centre BC. (Alternatively, the dedicated charg- 

30 ing gateways can be replaced by distributed functionality resident in the 
SGSN and GGSN nodes.) 

According to reference 4, collecting charging information in a 
GPRS system can be briefly summarised as follows. Network elements, 
such as GPRS support nodes (SGSN and GGSN), monitor charging- 

35 related events (transmitting data packets, attaching to the network, mobil- 
ity management, etc.) The network elements send charging data records, 
or CDRs, to the Billing Centre BC (possibly via Charging gateways CG). 
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CDRs created by SGSN or GGSN nodes are called S-CDRs or G-CDR, 
respectively. In addition, an M-CDR conveys information on mobility man- 
agement-related charging events. There are also SMO-CDRs and SMT- 
CDRs for MS-originated and MS-terminated short messages. For each 
charging-related event, there is a corresponding item or entry in the CDR. 
In the terminology of reference 4, the charging-related items are collec- 
tively referred to as a "List of Traffic Volumes". Reference 4 defines a set 
of rules for opening and closing each type of CDR, and the contents 
thereof. 

A problem with prior art charging systems is that they com- 
pletely ignore the SoLSA aspects. 

Brief description of the invention 

An object of the invention is to provide mechanisms for sup- 
porting charging of users with localised service areas in a mobile tele- 
communications network which comprises a packet radio network. The 
object is achieved with equipment and a procedure which are character- 
ized by what is disclosed in the attached independent claims. Preferred 
embodiments of the invention are disclosed in the attached dependent 
claims. 

The invention is based on the idea that the packet radio net- 
work is adapted to classify the charging-related detail items of the CDR 
into multiple classes depending on whether or not the corresponding event 
occurred while the mobile station was in an LSA cell. This means that the 
mobility support element may actually classify the detail items into two 
classes, depending on whether or not the corresponding event occurred 
while the mobile station was in an LSA cell. Classifying the detail items 
into two classes is sufficient, if the LSA cells are similar as far as charging 
is concerned. If there are more than two types of charging, for instance 
more than two different tariffs, then the detail items should classified into a 
corresponding number of classes. 

According to a preferred embodiment of the invention, a mobil- 
ity support element, such as an SGSN node or a GGSN node, performs or 
at least supports this classification. Instead of performing the actual clas- 
sification, the mobility support element may support later classification by 
sending charging detail records which at least indirectly indicate whether 
or not the mobile station was in an LSA cell (and what kind of LSA cell, if 
they are different charging-wise) when the corresponding event took 
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place. Such indirect indication means that on the basis of the mobile sta- 
tion's LSA cell list, it is possible to classify the detail items in the CDR into 
two classes, depending on whether or not the MS was in a special cell. 

According to a preferred embodiment of the invention, central- 
ised charging is supplemented with distributed pre-processing in the sup- 
port nodes of the packet radio network, preferably in the SGSN nodes. 
The reason for using the SGSN nodes for charging is as follows. The net- 
work element making decisions about handovers must be informed about 
the mobile station's LSA cells. In a GSM system, such a network element 
is the Base Station Controller BSC. In 3rd generation (3G) systems, it will 
probably be called Radio Network Controller RNC. (Later in this applica- 
tion, the term 'BSC refers commonly to both a BSC and an RNC.) The 
network element which informs the BSC about the LSA cells is most con- 
veniently the SGSN serving the mobile station MS. Thus the SGSN must 
be aware of the MS's LSA cells. Preferably, the MS-specific LSA informa- 
tion is included in a modified Insert Subscriber Data (IMS1, GPRS 
Subscription Data, SoLSA Parameters) message which the Home Lo- 
cation Register HLR sends to the serving SGSN when the MS initiates a 
GPRS Attach or a Routing Area Update procedure. The serving SGSN 
can deliver the subscriber-specific SoLSA parameters to the serving BSC 
e.g. in a modified BSSGP_DL_Unitdata.req message or in a new dedi- 
cated BSSGP_SoLSA message. The BSC can take the SoLSA parame- 
ters into account in the network-controlled cell reselection, when a BSC- 
based solution will be used. 

Because the SGSN must be aware of the MS's LSA cells, some 
synergy benefits will be achieved by using the SGSN as a pre-processor 
for charging. 

Brief description of the drawings 

The invention will be described in more detail by means of pre- 
ferred embodiments with reference to the appended drawing in which: 

Fig. 1 is a block diagram showing some elements of a packet 
radio network which are essential for describing the invention; 

Fig. 2 is a signalling diagram illustrating a preferred embodi- 
ment of the invention; 

Fig. 3 shows a possible interconnection of the network ele- 
ments responsible for LSA management and charging; and 

Figs 4A and 4B schematically illustrate charging detail records. 
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Detailed description of the invention 

A limitation associated with prior art systems for providing spe- 
cial services in a network is that SoLSA is only defined for circuit-switched 
connections, i.e. GSM and its derivatives. In a dual-mode GSM/GPRS 
network, the coverage of GSM and GPRS services may be different. Thus 
the prior art SoLSA provides little or no support for packet-switched con- 
nections, e.g. GPRS. A specific problem with the prior art GSM SoLSA is 
encountered when a dual-mode mobile station with SoLSA active is in- 
volved in a GPRS connection. In such a situation, SoLSA support is dis- 
continued because GPRS cell reselection does not take SoLSA into ac- 
count. A solution for this problem is disclosed in Co-assigned Finnish pat- 
ent application FI981130, "Solunvalinta pakettiverkossa", filed 20 May 
1998. For convenience, the relevant subject-matter of the '1130 applica- 
tion is repeated here. As shown in Fig. 2, a functioning GSM/GPRS inter- 
working system can be attained by a method for controlling the operation 
of a mobile station, the operation comprising camping. The method is 
summarized as follows. The camping is modellable as a number of states 
(S1 to S4) with predetermined state transitions (S 12 - S 34 ) between them, 
wherein each one of the states corresponds to a set of locally varying 
features which the mobile station currently supports. The features com- 
prise a first feature indicating whether the mobile station is in circuit- 
switched mode or packet-switched mode, and a second feature indicating 
whether or not the mobile station is in localised service area (LSA) mode. 
For all combinations of the first and second features, there is a corre- 
sponding state (S1 to S4), and for each one of these states, there are two 
originating state transitions and two terminating state transitions, each one 
of the originating state transitions corresponding to a change in the re- 
spective feature. 

Preferably, the criteria for the state transitions are based on the 
fact that of the two communications modes, i.e. circuit-switched and 
packet-switched, one has better coverage. In a combined GSM/GPRS 
system, GSM typically has better coverage than GPRS. Thus, in situations 
where there is a possible conflict between a state transition based on 
GSM criteria and a state transition based on GPRS criteria, it is advanta- 
geous to use the GPRS criteria to determine whether the mobile station is 
in SoLSA mode or not. Such a conflict may occur when the mobile station 
has an activated GPRS context (in Standby or Active state). In such a 
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situation, the mobile station would not perform state transition T 12 unless 
T 34 is also possible. 

The block diagram of Fig. 3 shows a possible interconnection of 
the network elements responsible for LSA management and charging. 
Subscriber-specific LSA information can be stored and managed either in 
the Camel Service Environment CSE or in the Home Location Register 
HLR. Two types of LSAs can be foreseen, either a truly customised LSA 
for a small office area and a residential area ("office/home zone"), or a 
predefined LSA covering large campuses, sections of cities and districts 
("city zones"), etc. These two LSAs fulfil different needs. They complement 
each other and they can be used simultaneously. A SoLSA subscriber can 
have a home LSA consisting of 1 or 2 cells, an office LSA consisting of 1 
to 5 cells and a city LSA with dozens or hundreds of cells. The first two 
LSAs are preferably tailored on a per-subscriber basis. A truly subscriber- 
specific LSA can be defined on a cell identity basis and it can be very 
small, even consisting of only one cell, if necessary. The third LSA could 
rely on a certain predefined LSA definitions. LSA information can consist 
of: 

• List of cell identities belonging to an LSA (e.g.: Cell Global Identity 
(MCC+MNC+LAC+CI), MNC+LAC+CI LAC+CI or CI). 

• LSAJD (The LSA ID is a number uniquely assigned to an area in one 
network. LSA ID can be associated with a Cell Identity list.) 

• LSA name (a text string describing an area and/or service, e.g. "Etsi 
Building"). 

• LSA indication (a flag to activate/deactivate LSA indication) 

• LSA priority (a number value needed to support overlapping LSAs, for 
example a city zone and office cells in the same area). 

• LSA only access (Service outside LSAs is restricted). 

• LSA only access indication text (Text to be displayed when out of LSA 
area). 

• Exclusive access (User has exclusive access to a LSA). 

• Relevant MSP profile (an LSA may be associated with some MSP pro- 
files). 

• Idle/active mode support (preferred cell selection in idle/active mode 
may be utilised in an LSA). 

The network operator can use the Network Management Serv- 
ices NMS to define the subscriber's LSA areas. There can be one com- 
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mon list of LSA areas for a given subscriber. In this case, there are virtu- 
ally no GSM/GPRS interworking problems. The subscriber's LSA data 
should be transferred to the BSC via circuit-switched (CS) and packet- 
switched (PS) connections, as needed (e.g. during call set-up for CS, and 
during GPRS Attach and inter-SGSN handover for PS). The LSA list 
should be broadcast on the BCCH and PBCCH (if allocated). 

Alternatively, the LSA areas may be different for CS and PS 
services. In this case, the HLR has to store two separate LSA lists. How- 
ever, it is sufficient to store only a single LSA list in the MS's SIM card. If 
no PBCCH is allocated, both CS and PS LSA lists should be broadcast on 
the BCCH. If both BCCH and PBCCH are allocated, there are at least two 
configuration options: 

1) CS LSA ids are broadcast on the BCCH only, and PS LSA 
ids are broadcast on the PBCCH only. In this case, the priorities are appli- 
cable only inside CS and PS LSA areas. 

2) Both CS and PS LSA ids are broadcast on the BCCH and 
PBCCH. Such a configuration is simpler than the previous one because 
the LSA priorities are followed in all situations. 

For circuit-switched SoLSA, the BSC needs the subscriber's 
LSA data for active mode support in the BSC. A corresponding mecha- 
nism for packet-switched SoLSA should be implemented because the LSA 
data is needed for network-controlled cell reselection. The network- 
controlled cell reselection parameters are broadcast on the Packet Broad- 
cast Control Channel PBCCH, and they are valid for all mobile stations in 
Ready state in the cell in question. Cell reselection commands can also be 
sent to an individual MS on a Packet Access Control Channel PACCH, in 
which case such a command overrides the PBCCH parameters. The 
SGSN nodes can get these parameters from the HLR e.g. in a modified 
Insert Subscriber Data message, whose parameters include the sub- 
scriber's IMSI, GPRS Subscription data and the SoLSA parameters). The 
HLR can send this message to the SGSN e.g. in response to a GPRS At- 
tach procedure. The SGSN can deliver the subscriber-specific SoLSA pa- 
rameters to the BSC serving the MS e.g. in a modified 
BSSGPJDL_Unitdata.req message or in a new dedicated 
BSSGP_SoLSA message. The BSC can take the SoLSA parameters into 
account for the network-controlled cell reselection, if a BSC-based solution 
is used. 
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To summarise, the BTS sends to the MS: 

• on the BCCH: CS LSA_id list, CS LSA cell reselection parameters, and 
the celljd; 

• on the PBCCH (if allocated): PS LSA_id list, PS LSA cell reselection 
parameters, the celljd and network-controlled cell reselection pa- 
rameters; 

• on the PACCH: individual cell reselection commands. 

In each of these cases, it can be seen that the LSA parameters 
are needed for supporting the mobility of the mobile station, and for 
charging its subscriber. Therefore, certain synergy benefits will be 
achieved by using mobility support elements of the networks also as a 
pre-processor for charging purposes, as will be described below in more 
detail. 

According to a primary embodiment of the invention, the Base 
Station Controller BSC currently serving the mobile station MS adds the 
MS's current cell identity (celljd) into the data packets it sends to the 
serving SGSN. Thus the SGSN knows the cell identity of the mobile- 
originated (MO) packets. When the MS is in Ready mode, the SGSN also 
knows the celljd of the MS before it sends mobile-terminated (MT) pack- 
ets to the MS. Otherwise, the SGSN pages the MS, after which it knows 
the MS's current celljd. In conclusion, the SGSN always knows the 
celljd of the MS for both MO and MT packets. 

There are at least two ways in which the network can correlate 
the charging-related aspects of data transmission with the celljd of the 
cell where the MS has sent or received data. For example, Fig. 4A depicts 
schematically a set of CDRs, CDR1 to CDR3, such that each CDR in- 
cludes information from only one tariff zone (in this case, only one LSA). 
Each CDR includes a header. (For the purposes of this application, the 
word 'header' has a wide interpretation, in the sense that it comprises eve- 
rything which is required by the relevant standards but which is not listed 
as detail items elsewhere in the CDR.) As long as the MS remains in the 
same LSA, the SGSN keeps open the S-CDR. When the MS moves to a 
different tariff zone, the previous S-CDR will be closed and a new one will 
be created. The set of CDRs comprising CDR1 to CDR3 correspond to the 
scenario of Fig. 1, wherein the MS moves along the path 10 from cell C1 
to cell C10. As long as the MS is in LSA1 (i.e. cells C1 to C3), the SGSN 
keeps CDR1 open and collects charging-related detail items (item11 to 
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item 13, etc.) CDR1 also shows that all the items in it relate to events in an 
LSA whose LSAjd is 1 (i.e. LSA1). Similarly, CDR2 includes items relat- 
ing to events which took place while the MS was in cell C4, which is not in 
an LSA (at least, to this subscriber) and which does not have an LSAjd. 
CDR3 includes items relating to events which took place while the MS was 
in cells C9 and C10, which to this subscriber constitute LSA2 having an 
LSAjd of 2. 

In CDRs according to reference 4, the LSAjd can be trans- 
ferred e.g. in a field called "Record extensions", but, preferably, a dedi- 
cated field should be defined for this purpose. 

Fig. 4B shows a different CDR4, wherein each detail item has 
the corresponding LSAJd next to it. In this case, the format of the CDR 
according to reference 4 is definitely not sufficient, because the "Record 
extensions" field is common to the entire CDR. 

Figs. 4A and 4B show embodiments wherein the full LSAJd is 
included in the CDR. For charging purposes, it is sufficient to include only 
yes/no information, indicating whether or not the MS was in an LSA cell 
when the relevant event took place. 

According to a secondary embodiment of the invention, the 
SGSN may not know the MS's SoLSA parameters, or the manufacturer or 
the operator prefers not to add to the complexity of the SGSN in the man- 
ner described in connection with the primary embodiment. In such a case, 
the format of the S-CDR can be changed so that its detail items (the List of 
Traffic Data Volumes field) record the celljd and data volume for every 
different celljd. Sorting the cells into LSA cells and non-LSA cells ac- 
cording to the MS's SoLSA parameters can take place in the Charging 
Gateway or the Billing Centre. 

It is also possible to support SoLSA charging without changing 
the format of the S-CDR. In this case, the MS's most current celljd is de- 
termined at the time when the S-CDR is created, and this celljd will be 
used as a basis for charging. The cell where a GPRS attach or a 
Routing Area Update procedure is performed determines the tariff zone. 
The changes in the MS's Routing Area are recorded in the M-CDR, and 
they could also be used for determining the tariff zone. If the LSA borders 
were also Routing Area borders, no other correlation mechanism would be 
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needed. However, SoLSA charging based on existing CDRs is considered 
inflexible. 



The description only illustrates preferred embodiments of the 
invention. The invention is not, however, limited to these examples or the 
terms used, but it may vary within the scope of the appended claims. 

References: 

1 . Co-assigned PCT publication WO98/30056, "Localised spe- 
cial services in a mobile communications system" 

2. ETSI Draft TS 03.73 v. 0.5.0 (April 1998) 

3. ETSI Draft TS 02.43 v. 0.0.0 (July 1998) 

4. ETSI Recommendation GSM 12.15, v. 2.0.0 (June 1998). 

5. Co-assigned Finnish patent application FI981 130, 
"Solunvalinta pakettiverkossa" 

All references are incorporated herein by reference. 
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Claims (amended 14 December 2000) 

1. A method for supporting charging of a subscriber of a mobile 
station (MS) in a cellular radio network supporting circuit-switched and 
packet-switched connections to/from the mobile station (MS) and com- 
prising at least one mobility support element (MSC/VLR; SGSN, GGSN), 
at least one radio control element (BSC1, BSC2) and at least one sub- 
scriber register (HLR); 

the method comprising producing charging information (CDR) 
related to the mobile station: 

characterized by: 

defining, for each of several mobile stations (MS), a respective 
set (LSA1, LSA2) of special cells (C1 - C3, C9 - C10) providing at least 
one special service to the mobile station (MS); 

the subscriber register (HLR) reporting the set of special cells to 
the mobility support element in an Insert Subscriber Data message, in 
response to the mobile station initiating an attach or a routing area update 
procedure; 

the mobility support element in turn sending the set of special 
cells to a radio control element (BSC1, BSC2) in a downlink message; and 

determining whether or not the mobile station (MS) is in a spe- 
cial cell. 

2. A method according to claim 1, characterised by: 

said downlink message being a BSSGP (Base Station Sub- 
system GPRS Protocol) message, preferably a BSSGP__DL_UNITDATA 
message or a SoLSA BSSGP message. 

3. A method according to claim 1, characterized by: 

the charging information comprising detail items, each detail 
item indicating an event which affects charging; 

classifying said detail items into multiple classes depending, at 
least, on whether or not the corresponding event occurred while the mo- 
bile station was in a special cell; and 

the mobility support element (MSCA/LR; SGSN, GGSN) per- 
forming or at least supporting said classification. 

4. A method for supporting charging of a subscriber of a mobile 
station (MS) in a cellular radio network supporting circuit-switched and 
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packet-switched connections to/from the mobile station (MS) and com- 
prising several cells (C1 - C10) and at least one mobility support element 
(MSC/VLR; SGSN, GGSN) being adapted to receive, when it begins to 
serve the mobile station, a set (LSA1 , LSA2) of special cells (C1 - C3, C9 
- C10) for the mobile station, and being adapted to send the set of special 
cells to one radio control element (BSC1, BSC2); 
the method comprising the steps of: 

defining, for each of several mobile stations (MS), a respective 
set (LSA1, LSA2) of special cells providing at least one special service to 
the mobile station (MS); 

determining whether or not the mobile station (MS) is in a spe- 
cial cell; and 

producing charging information (CDR) related to the mobile sta- 
tion, the charging information comprising detail items, each detail item in- 
dicating an event which affects charging; 

characterized by 

classifying said detail items into multiple classes depending, at 
least, on whether or not the corresponding event occurred while the mo- 
bile station was in a special cell; and 

the mobility support element (MSCA/LR; SGSN, GGSN) per- 
forming or at least supporting said classification. 

5. A method according to any one of the preceding claims, 
characterized in that the subscriber register is a home location 
register (HLR). 

6. A method according to any one of the preceding claims, 
characterized by the mobility support element being a support 
node (SGSN, GGSN) of a packet radio network. 

7. A cellular radio network being operable to support circuit- 
switched and packet-switched connections to/from a mobile station (MS), 
the network comprising several cells (C1 - C10), and: 

for each of several mobile stations (MS), a respective prede- 
fined set (LSA1, LSA2) of special cells providing at least one special 
service to the mobile station (MS); 

at least one radio control element (BSC1, BSC2) for determin- 
ing whether or not the mobile station (MS) is in a special cell; 
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at least one mobility support element (MSC/VLR; SGSN, 
GGSN) being adapted to receive, when it begins to serve the mobile sta- 
tion, the set (LSA1 , LSA2) of special cells for the mobile station, and being 
adapted to send the set of special cells to one radio control element 
(BSC1, BSC2); and 

at least one charging element (CG, BC) for receiving charging 
information related to the mobile station, the charging information com- 
prising detail items, each detail item indicating an event which affects 
charging; 

characterized in that 

the network is adapted to classify the detail items into multiple 
classes depending, at least, on whether or not the corresponding event 
occurred while the mobile station was in a special cell; and 

the mobility support element (MSC/VLR; SGSN, GGSN) is 
adapted to support or perform said classification. 

8. A cellular radio network according to claim 7, charac- 
terized in that the mobility support element is a serving GPRS support 
node (SGSN) which is adapted to compare the cell identity (celljd) of the 
MS's current cell with the set (LSA1 , LSA2) of special cells for the mobile 
station. 

9. A cellular radio network according to claim 7 or 8, char- 
acterized in that substantially each detail item indicates whether or 
not the cell in question is a special cell. 

10. A cellular radio network according to claim 7or8, char- 
acterized by being adapted to organise the detail items as consecu- 
tive records (CDR), wherein substantially each record indicates whether or 
not all events indicated by the detail items of the record occurred while the 
mobile station was in a special cell. 

1 1. A cellular radio network according to any one of claims 7 to 
10, characterized in that the mobility support element (MSCA/LR; 
SGSN, GGSN) inserts to each detail item the identity (celMd) of the cell 
where the mobile station was when the event occurred. 

12. A mobility support element (MSCA/LR; SGSN, GGSN) for a 
cellular radio network comprising several cells, and being operable to 
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support circuit-switched and packet-switched connections to/from a mobile 
station (MS); the network further comprising for each of several mobile 
stations (MS), a respective predefined set (LSA1, LSA2) of special cells 
providing at least one special service to the mobile station (MS); at least 
one radio control element (BSC1, BSC2) for determining whether or not 
the mobile station (MS) is in a special cell; and at least one charging ele- 
ment (CG, BC) for receiving charging information related to the mobile 
station, the charging information comprising detail items, each detail item 
indicating an event which affects charging; 

wherein the mobility support element (MSC/VLR; SGSN, 
GGSN) is adapted to receive, when it begins to serve the mobile station, a 
list of special cells for the mobile station, and it to send said list of special 
cells to one radio control element (BSC1, BSC2); 

characterized in that the mobility support element is 
adapted to support or perform classification of said detail items into multi- 
ple classes depending on whether or not the corresponding event oc- 
curred while the mobile station was in a special cell. 

13. A charging-related message (CDR1 - CDR4) for a cellular 
radio network comprising several cells, each cell having a cell identity 
(celljd), and being operable to support circuit-switched and packet- 
switched connections to/from a mobile station (MS); the network compris- 
ing for each of several mobile stations (MS), a respective predefined set 
(LSA1, LSA2) of special cells (C1 - C3, C9, C10) providing at least one 
special service to the mobile station (MS); said charging-related message 
including at least one detail item for substantially each event that affects 
the charging of the subscriber of the mobile station; 

characterized in that for substantially each detail item, 
said charging-related message (CDR1 - CDR4) at least indirectly indicates 
whether or not the mobile station was in a special cell (C1 - C3, C9, C10) 
when the corresponding event occurred. 
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(57) Abstract 

A mobility support element (MSCA/LR; SGSN, GGSN) for a cellular radio 
network supporting circuit-switched and packet-switched connections 
to/from a mobile station (MS). For each mobile station (MS), there is a set 
(LSA1 , LSA2) of special cells (C1 - C3, C9, C10) providing special service. 
A radio control element (BSC1, BSC2) determines whether the mobile 
station (MS) is in a special cell. Charging elements (CG, BC) receive 
charging information comprising detail items which indicate events which 
affect charging. The mobility support element (MSCA/LR; SGSN, GGSN) 
receives, when it begins to serve the mobile station, a list (LSA1, LSA2) of 
the special cells for the mobile station, and sends the list to the serving ra- 
dio control element (BSC1, BSC2). The mobility support element also 
supports or performs classification of the detail items into two classes de- 
pending on whether or not the corresponding event occurred while the 
mobile station was in a special cell. 
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